Introduction
The aim of this review is to identify some diseases in which the surface of the affected cell plays a predominant role and to examine the ways by which a change in the cell surface results in a pathological effect on cell function (Fig. 1 ). Some excellent examples may have escaped our attention, and the reader is referred to previous reviews [ 1-51. Nor is it possible in such a brief review to give a detailed account of each disease state mentioned; instead we have tried to give references to suitable articles wherever possible.
Cell surface changes in particular diseases

Faulty synthesis or degradation due to hereditary defects
The cell surface is metabolically very active. Of its constituent molecules, phospholipids, glycolipids, cholesterol, proteins and glycoproteins, phospholipids have the highest rate of turnover: synthesis and degradation take place irrespective of cell growth [61; turnover occurs primarily within the cytoplasm, and plasma membrane phospholipids (which are, like the other constituents of plasma membrane, synthesized intracellularly) are extensively [71 exchanged with the phospholipids of other cellular organelles 18, 91; phospholipids and cholesterol are also exchanged, partly by enzyme action [lo] , between the plasma membrane and extracellular fluid. Superimposed on such exchange at the molecular level is movement of whole pieces of membrane; in macrophages and many other cells that are not growing rapidly, the entire plasma membrane may be exchanged within hours [ individual molecules can be shown to be recycled several times [11-131; hence the turnover of plasma membrane proteins, in terms of synthesis and degradation, is slower than their 'residence time' at the cell surface would indicate. In such a situation it is not surprising that faulty degradation of a molecule may be as damaging to the integrity of the plasma membrane as faulty synthesis, and that the absence of an intracellular degradative enzyme may have severe consequences on plasma membrane structure.
Dysmyelinating diseases. The the best defined disease is lactase deficiency. This is an inability of small intestinal epithelia to hydrolyse lactose at the brush border, thus preventing absorption of lactose. As a result, colonic bacteria degrade lactose to short-chain fatty acids, which, partly as a result of osmotic changes, give rise to diarrhoea. Although the disease, as well as the properties of the enzyme, are relatively well documented, the exact cause of the failure to synthesize lactase is less clear. Lactase deficiency is more commonly an acquired defect due to enterocyte malfunction. For example, after rotavirus infection during childhood, a transient lactase deficiency results from the shedding of mature enterocytes from the villus tip, leaving functionally immature enterocytes I271. There is, however, evidence for the involvement of genetic factors in acquired lactase deficiency.
Haemolytic anaemias and platelet dysfunction. Two hereditary disorders of platelet function [341 are due to a faulty surface membrane. In Glanzmann's thrombasthenia syndrome, aggregation of platelets appears to be defective, whereas in Bernard-Soulier syndrome, adhesion seems faulty; in each disease the pattern of surface membrane glycoproteins is different from that of normal platelets 1351.
Faulty synthesis or degradation due to interference with cellular machinery
Neoplasia and hyperplasia. Several types of tumour, benign as well as malignant, fall into this category. In so far as tumour cells generally breed true, their altered behaviour is a consequence of a genetic change and they might fall better into the previous section; in so far as the genetic change may be brought about by an extraneous agent such as a virus or carcinogenic chemical, rather than by inheritance through the germ line, the topic is more appropriately dealt with here.
The literature contains abundant evidence that the surface of cancer cells is different from that of their normal counterparts [361; however, the nature of the normal counterpart is generally not known, since the cell type from which the cancer was derived is often not identified (it is usually not simply the adjacent normal cell in a tissue), and the relevance of the observations is therefore equivocal. There are also many reports documenting the fact that the surface of cultured cells transformed by chemicals or by oncogenic viruses is different from that of untransformed Psoriasis is a benign skin disease characterized by hyperplasia of skin cells [461, resulting in raised areas of abnormal skin. Since growth control is faulty in the psoriatic cells, it is not surprising that several surface differences have been described [471, though insufficient data at present exist to formulate any kind of plausible mechanism for the defect.
Viral infections. When viruses infect cells, the cell surface is affected at two stages: during entry of virus, and during intracellular replication leading to the release of new viral particles. The first stage will be considered under 'Direct attack by foreign substances'; the second falls into the category under discussion. The surface membrane of cells containing viral genes becomes modified in four different situations: (i) during transformation, (ii) during some persistent infections, (iii) during release of virus by 'budding' and (iv) during release of virus by cytolysis.
Transformation by many viruses, especially the retroviruses and papovaviruses, is accompanied by an alteration of cellular behaviour so that some aspects of growth control, recognition of other cells etc., are lost, and the cells become malignant or at least tumorigenic. Certain transformation-specific proteins have been recognized on the cell surface in these situations; although their synthesis seems to be triggered by the presence of a viral gene, the structural gene(s) responsible for their synthesis appear to be host-derived, and indeed low amounts of the proteins can be detected in untransformed cells [48, 491. In several cases it is the extent of phosphorylation (at tyrosine residues, rather than at the more common serine residues) of some of these proteins that appears to be characteristic of the transformed state [50-521. How such changes alter growth control and other properties of the affected cells is not at present clear. An interference with ion fluxes and the intracellular concentration of ATP, through an effect on the plasma membrane Na+,K+-ATPase, has been suggested [53,541, though parts of this work have since been temporarily withdrawn [54al.
Unlike the case of transformed cells, in situations (ii)-(iv) above viral antigens are often detectable at the cell surface. Indeed, it is the presence of such antigens that causes virally infected cells to be eliminated by the immune system. Cell damage, however, is not the result of such effects alone. Viral infection of various types of cell cultured in the absence of any immune factors also leads to lysis. In persistent infections, virus particles are often present in the cytoplasm, and in some cases viral antigens appear at the cell surface, without either cell lysis or much release of infectious virus 155, 561. The mechanism by which cell damage is initiated in the absence of immune or non-immune responses is not clear. Because ion movements have been observed in such situations it is possible that an alteration of the permeability of the cell surface to Na+, resulting in an altered intracellular ionic milieu, or to potentially toxic ions such as Caz+ is involved [57,581.
Direct attack by foreign substances
The first part of the cell that a foreign agent meets, whether it enters the body through the mouth, through the respiratory tract or directly into the blood stream by way of an insect or snake bite, is the cell surface. To what extent is any disease that may ensue the consequence of that initial interaction? In many cases it is clearly not. Toxic gases such as carbon monoxide or substances such as cyanide enter cells without overt effects at the cell surface. The entry by phagocytosis of most viruses and of intracellularly replicating bacteria such as the mycobacteria (causative agents of tuberculosis and leprosy) is not the cause of disease. However, the presence of specific membrane components may increase the sensitivity of the cell to attack. For example, the invasion of erythrocytes by Plasmodium vivax merozoites is specified by such a component [591.
In other cases it is the initial interaction with the cell surface that triggers ensuing events. Certain viruses, the haemolytic paramyxoviruses, initiate a cellular response as a result of direct interaction with the cell surface [ 7 11; there is little specificity, and affected cells are presumably those with which the virus first comes into contact, generally the epithelial cells of the upper respiratory tract. Viraemia is rare and hence destruction of erythrocytes through the haernolytic action of the virus generally does not occur. Unlike the snake and spider venoms mentioned above, which are haemolytic by virtue of their phospholipase-A activity, virally mediated haemolysis results from fusion of an inherently leaky viral envelope with the cell plasma membrane 1721. Although in vitro such fusions lead to cellular damage, it is not yet known to what extent this occurs in vivo.
Direct attack by host factors
In several instances an initial attack on the cell surface, followed by destruction of the rest of the cell, is brought about by host factors: this is the situation in the autoimmune diseases [731. For example, in Graves' disease or myasthenia gravis cell dysfunction is caused by circulating immuno-globulins directed against specific surface components: the TSH receptor on thyroid cells in Graves' disease [741 and the acetylcholine receptor at the neuromuscular junction in myasthenia gravis [751. Unlike the situation in immune destruction of virally infected cells, the antigenic determinants are those of the host, not of the invading organisms; under normal conditions, of course, such antigens remain shielded from the immune system. However, because viral infection can lead to the appearance of new host proteins at the cell surface, as instanced above by the effects of viruses that cause transformation, an initial viral infection may be followed by an autoimmune reaction 1761. The exact interplay between viruses and other causative agents, including hereditary defects [771, and autoimmune disease are not at all clear, nor is the extent to which autoimmunity contributes to any particular disease. Apart from the diseases already mentioned, several others, including rheumatoid arthritis [781, juvenile diabetes, pernicious anaemia, chronic active hepatitis and demyelinating diseases such as multiple sclerosis have all been attributed to an autoimmune reaction [791, but opinion is still in a considerable state of flux regarding precise aetiology.
Related to immune mechanisms are the effects of inflammatory substances, such as histamine, on smooth muscle cells: an increased permeability to inorganic ions is the underlying cause of the contraction that occurs 1801 after release of inflammatory mediators, as in the bronchoconstriction in asthma.
A quite different effect of host-derived factors on surface membranes concerns the plasma lipoproteins. In certain types of dyslipoproteinaemia due to liver disease, lipoprotein particles containing altered lipid or apoprotein (note [22l) are formed. Such vesicles modify the surface of other cells, such as erythrocytes or platelets, and cause pathological effects [8 11.
Pathophysiological consequences of an altered cell surface
We have presented examples of ways in which the structure of the cell surface is altered by faulty synthesis, by excessive degradation or by other modification in certain diseases. The types of cellular dysfunction that are caused by such alterations are summarized in Table 1 .
Several of the surface changes listed in Table 1 involve an increase in membrane permeability; if this is not corrected by the cellular machinery but allowed to persist, cell destruction ensues. For example, a transient entry of Ca2+ due to an increased permeability may stimulate a cell to secrete, contract or enter the division cycle; the intracellular concentration of free CaZ+ generally rises from a resting value of between lo-* and lo-' mol/l to one that is some 10 to 100 times larger [951. But if the entry of Ca2+, which is present at approximately loT3 molh in extracellular fluid, is allowed to continue unabated, toxic concentrations soon accumulate within cells and cell death follows 1961. A major cause may be disruption of mitochondria1 function by Ca2+ [971, and hence of ATP supply to the rest of the cell; another may be disassembly of the cytoskeletal network within the cell 198-1001.
Dysfunction of specific cell types through amplification of an initial effect at the surface membrane, then, is responsible for diseases of the nervous, musculoskeletal, cardiovascular, alimentary, hepatic, endocrine and other systems. In particular it is now clear that participation of the immune system, through T cells as well as through humoral antibodies and complement, is often superimposed on other factors in destroying virally, or otherwise, altered cells. Membrane damage is generally the precipitating cause: an initial increased uptake of CaZ+, for example, during immune lysis, has been demonstrated [loll. This, as mentioned above, leads to cytopathic changes, as a result of which more extensive membrane damage, leading to loss of intracellular proteins and eventually to cellular lysis, occurs.
Conclusions
It would appear that alteration of cellular permeability is an underlying cause of cell malfunction in several instances (see also t1021). Thus in many of the cases cited in Table 1 , failure to pump ions or to transport nutrients across the plasma membrane is a direct cause of subsequent events. One should not be surprised at this: transport of ions and nutrients is, after all, one of the major functions of the surface membrane of cells, and some pathologists have drawn attention to the relation between cell swelling brought about by ionic changes [1031, and disease: 'The first manifestation of almost all forms pf injury to cells is an increase in their size resulting from a shift of extracellular water into the cell' [ 1041.
Many diseases without as yet defined aetiology may fall into the category of surface diseases.
Mental illness, for example, is presumably due to some malfunction of neuronal cell surfaces.
Hypertension may involve a defective surface membrane of vascular smooth muscle cells, and certain types of biliary disease are likely to be due to some defect at the bile canalicular surface of hepatocytes. These areas would seem to be particularly fruitful ones for further research.
